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PREFACE 
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. . ~~ .. - ______ ~- - .~ 
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~- ~ ~- .. ~~ " ~ .. _____". .. " 

Part I provides  guidance on identifying  those  sources 
" . ." ~~ 

t o  be analyzed 

f o r  BART, assessing  the  anticipated improvement i n  v i s i b i l i t y ,  conducting 

an engineering  analysis, and establishing emission l imitations for BART. 

Part I1 contains an explicit  discussion of the  engineering  analysis 

required by Part I .  Pas t  I I i s  primar.i ly  for the  analysis  of  fossi 1 

fuel  -fired power plants w i t h  a generating  'capacity i n  excess of 750 MW. 

The procedures  outlined i n  ,Part I ,  however, may  be used for  other  existing 

stationary  facil i t ies  as  well .  

- . . .. - - - . . 
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. .. 
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PART I,. GUIDELINE FOR DETERMINING BEST AVAILABLE RE~R~F-I-T--~-E~H~OI;OGY - 

1.0 INTRODUCTION 

Section 169A of the Clean Air Act, as amended in 1977, ca l l s   for  

the  protection  'of '   visibility - i n  mandatory Class I Federal areas 

where v i s ib i l i t y  i's an important  value.  Section 169A specifically 

requires  affected  'States  to remedy exist7ng  visibil i ty impairment, i n  

' part,  through"insta1'lation' of 'Best  -Available"Retro'fit Technology ' (BART)  

* 

." . __ . ~ - ~ 
- " . . -. ." - 

, . - ". " ___ .__I ~ ." "~ .~. ._ .. - 

for cer ta in   exis t ing  s ta t ionary  faci l i t ies .  

EPA has promulgated regulations t o  be codified a t  40 CFR 51.300 

- e t  s e ~  t h a t  implement S169A. I BART determinations must be performed on 

a case-by-case  'basis  considering such factors  as  the  energy, environmental , 

and  economic impacts of alternative  control systems. This document 

provides guidance on identifying  those  sources  to be analyzed for BART, 

assessing  the  anticipated improvement i n  v i s ib i l i t y ,  conductin? an 

engineering  analysis of available  control  .systems, and establishing 

emission l imitations  for BART. The States must determine'  emission 

1 imitations  for  fossil '   fuel-fired power plants w i t h  a total  generatin? 

capacity i n  excess of 750 -megawatts pursuant  to t h i s  guideline, which 

' ref lects  EPA's conclusion tha t  the' controls needed to  meet the new source 

performance standard (NSPS) for  power plants (40 CFR Part  60,  Subpart 

Da) are  generally  available  to  these  sources. The procedures  out1  ined 

herein  are  also  appropriate  for any other  existinc major stationary 

source. 

* 
These areas   are   l is ted i n  40 CFR Part 81 , Subpart D .  From this point 

forward, they will be referred  to  as maRdatory Class I Federal areas. 
1 
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1.1 BACKGROUND . 
Congress was concerned with the impairment of visSbility in the 

nation's  parks  and wilderness areas, but  it realized  remedying  existing 

impairment in these areas could not  be reasonably  accomplished  overnight. 

In order to assure that BART requirements will , i )I not  be unduly, burdensome. 

or costly, several  provisions were included in ,Section 169A. These are: 

(1) BART may not  be required by the Administrator for existing 

stationary facilities which have been in operation for more than fifteen 

years  as  of August 7, 1977 unless the. source was reconstructed after 

August 7, 1962. 

I# 1,,' i ,,, 1 

' 

(2) BART for fossil-fuel fired power  plants  with a generating 

capacity in excess of  750 megawatts must be determined pursuant to EPA 

gui del i nes . 
(3) The Administrator may exempt from BART requirements those 

sources he determines do not cause or contribute to significant visi bi 1 i ty 

impairment in a Class I area. This ,exemption may  not apply to fossil- 

fuel fired power plants 750 megawatts or greater unless it  is demonstrated 

to the Administrator that the facility is  located at such a distance 

from a Class I area as not to cause or contribute to significant visibility 

impairment in any such area. Any exemption from BART will be effective . - 

only  upon concurrence by the appropriate Federal  Land  Manager. . , 

. 

(4) In determining BART  for any  existing stationary facility, the costs 

of compliance, the energy and nonair quality environmental impacts o f  

compliance, any existing pollution control technology in use at the 

source, the remaining useful life of the source,  and the degree o f  

improvement  in visibility anticipated to result from application of 

controls shall  be  considered. 

2 ." -~ 
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1.1 , 1 .  Pol lutants of 'Concern 
I ' 8 , ,  Visibility impairment is caused by the scattering and absorption of 

light by suspended, particles and gases. NO2 is a light-absorbing gas 

and generally causes, reddish or yellow-brown atmospheric di,scoloration \ 

tecause it absorbs light at the blue end of the spectrum, Primary. 

particulates and secondary aerosols, formed from emissions o f  SO2 and 

NO,, scatter light away from and into an observer's line o f  sight  causing 
1 ,  , 
/ /  

~ a reduction in visual range and atmospheric discoloration. These  three I !  

I pbllutants (primary particulates, NOX, and SO2) have been identified 
j l  

i l  as'the primary contributors to visibility impairment. Detailed background 
I~ 
I information can be found in "Protecting Visibili.ty: An EPA Report to , t  

I , ,  
I !  
' I  

i 
1 1  1.1.2 Phased Program 
! i  

Congress. 'I* 
8 1  

; '  
i EPA has established a phased'approach to visibility impairment. Phase 
l i  

I 
i l  

I 

). 'I focuses on controlling those sources which can currently be identified 
i~ . . -  

1 as causing visibility impairment. Phase I visibility impairment  primarily 
j I (  

includes visible plumes emitted from stacks, and single  source haze. 

Smoke, dust, or colored  gas plumes obscure the sky .or horizon. ' Single 

source haze causes a general whitening o f  the atmosphere and reduction 

of clarity of terrain .features. Both forms o f  impairment  when  "reasonably 

attributed"' t o  a source mus-t be regulated under Phgse I. As our scientific 
I 

;~ and technical understanding of source/impairment  relationships improves, 

future  regulations will address  more  complex forms  of visibility  impairment 

such as regional haze and urban plumes. 



This guideline is directed  toward  Phase I analyses.  Although the 

number and 'kind' of sources and the type o f  pollutants  included in future 

BART analyses may  expand,. the  procedures  out1  ined  herein  are  unlikely  to 

change substantially. In performing BART analyses  the  State should  be 

cognizant o f  possible  future  requirements  which could, be  imposed  on 

sources as a result of later  phases of the program.  For  example, a 

major power plant  may  have a coherent  plume  caused by primary  particulate 

emissions which must  be analyzed  under  Phase I, and also  contribute  to 

regional  haze  through  emissions of sulfur dioxide 'which' will be addressed 

in later phases. Under  Phase I, t h e  source would  be analyzed  for BART 

with respect to TSP  because it causes  visibility  impairment in the form 

of a distinct plume.  However, since the  source may also  contribute to a 

regional haze, the  State would  be  well advised to also  analyze  control  systems 

for SO2 to determine  if a single system  could  more  efficiently  control 

both pollutants  than  two separate systems and  to .evaluate whether a1 ternative 

TSP control  systems  would  be compatible with  future  application o f  

control  systems  designed to control a different  pollutant (e.g. SO2). 

The State is  not  required' to impose SOp controls in this situation. 

However, . .  EPA intends  at  present that physical  constraints, incompatible 

particulate- control,  etc. resulting from  limitations on Phase I requirements 

will not serve as justification for not imposing SO2 controls under 

Phase 11. 

" . . . . 

- .~ .. . .~ 

4 
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I 

1 

c Federal Land Manager i d e n t i f i e s  
v i s i b i l i t y  impairment i n  c lass  I area 

9 

Sta te   " ident i f ies   source  t o  which 
impai rment i s  "reasonably  attr ibutable" 

, -  

_" ___" . ~ 

~ 

" Source i n  28 source  category w i t h  
"potential  to  emit" 250 tons/yr.  

Source  not i n  operati  on over 
15 years  as o f  A u g u s t  7 ,  1977 

List of sources  to  be.analyzed  for 
BART provided t o  Federal Land Manager, 
source , and. EPA 

Source believes i t  does  not  cause  or 
contribute t o  s ign ' i f i can t   v i s ib i l i t y  
i mpa i rmen t 

' . Figure  1 
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-~ ~~ . ~ ~~ ~ I~ ~ ~ ~~~~ 

, ,  , 1 ,  ', I 
' 3  , ' 1 ,  

1.2 IDENTIFICATION OF A SOURCE IMPAIRING VISIBILITY 

See Figure 1. : 

If a Federal Land Nanager  identifies  viqibility  'impairment in a 

Class I area, the State must  first  determine, "if-possible, by visual 

observation  or.  any other monitoring  technique it deems appropriate',, the 

existing  stationary  facil'ity  to  which  the  impairment' is reasonably 

attributable. In other- words, for the  purposes of Phase I of the dsibility 

I '  

-_ ". ". ___ ~ 

' r  

I 

"pr~~~am,~- -S - t~ t~~~- -need  -on'ly, identify  impairment that can be physicalli 
1 '  

1 1  , 
I 

traced to a source. 
/I 

States can use  visual observation  (either  ground-based  or with an 
1: 

aircraft) or any other technique it deems  appropriate to determine bhich 

source causes the visibility  impairment. An "Interim  Guidance for 1- 
Vi si bi 1 i ty Monitoring",  is  avai lab1 e and  describes  current  monitoring 

methods.  It is available  through  the National  Technical  Information 

Service. Once the  impact of the existing  stationary  facility on  visibility 

is  identified as being reasonably attributable.to that  source, the State 

must,  conduct an analysis to determine  BART for that  particular  .existing 

stationary facility. 

i 

* 

The Act 7 imits the requirement for the installation r ., of BART to 

those.  existing.  stati-onary facilities which  started  operation  a-fter 

August 6, 1962, and were existence  as o f  August 7, 1977. An existing 

stationary facility is  any source which  meets these requirements,  is  listed 

in Table 1, and has a potential to emit 250 tons  per  year, or more, of 

-any air pollutant  causing  or-contribuXing.-to  visibility  impairment. 

A source  which  believes it does not cause or contribute to significant 

visibility  impairment in a Class I area  may  apply for an exemption  from 

EART. The exemption  application  must be submitted  to  the  Administrator 

*"Interim Guidance for Visibility Monitoring,",, U.S. Environmental  Protection 
Agency EPA-450/~-80-082 

6 EPAOAQ 8836492 
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I . .  , 

"EXISTING  STATIONARY  FACILITY" 
. "" -~ ~" ~~ ~~- 

l l  

1 .. 
I -  

" ~ 

fdssi l - fuel   f i red steam e lec t r ic  p l an t s  of  more than 250 p i l l i o n  British 
thermal units per hour heat i n p u t ,  

. I coal  cleaning  plants  (thermal  dryers), 
- , . , .  - . -, , ' " 7  - -  kraTt "pu-1 pr'mi 11 s , 
. . . ...-____ . _ _ _ _ ~ ~  Portl.and~~men_t_pl~an , t s_,.___-- ~ .- ~ ~ 

primary zinc  smelters , 
i ron  and s teel  mill plants, 

,I , 

; e  . .  , primary aluminum ore  reduction p l a n t s ,  
primary'  copper me1  ters ,  
muni c i  pal incinerators  capable o f  charging more, than 250 xcns of,   refuse,  
per  day, 
hydrofluori.c,  sulfuric, and nitric  acid  plants,  
petrol eum ref iner ies  

j 

~ 

. .  
, . ,  lime plants, I 

phosphate  rock  processing  plants, 
coke oven bat ter ies  , 
sulfur recovery  plants , 
carbon black  plants  (furnace  process) , 
primary 1 ead smelters, 
fuel  conversion  plants, 

. ~.~ " -_ s i  nteri  ng p,l ants , 

- chem'i cal  process  plants , 

. ,  I_ 

, , .  - 
' . , .. ' , secondary  metal  .production f a c i l i t i e s  ,-- ~~ 

. . "" ~ "" ___ .. - . ." ~ .. ~ 

- fossil-fuel  boilers of more than 250 million British thermal units per - 
hour.  heat i n p u t  , 
petroleum storage and t r ans fe r   f ac i l i t i e s  w i t h  a capacity exceeding 
300,000 barrel s , 

- taconite  ore  processing  facil i t ies,  

" 

glass  f iber  processing  ~plants,  
charcoal  production f a c i l i t i e s  

__ 

EPAOAQ 8836493 
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SOURCE  IDENTIFIED 
(See figure  1) 

NO REQUIREMENTS +NO + 2 .? 

BART emi s s i on 1 i mi t a t i  on 
establ i shed equi Val ent t o  NSPS 

No further  analysis / \  

SOURCE  INFORMATION 

PRELIMINARY ASSESSMENT OF 
IMPROVEMENT IN VISIBILITY 

"' Is v'i's'i bili.ty, improved by 
meeting , ,  , NSPS , , , I (  ;,emi ssi'ons 1 eve1 s? 

I ,  , , ?  

ENGINEERING  ANALYSIS 
Analysis o f  the impacts of 
retrof i tti ng 

, -  

EilERGY IXPACTS 2.4 2.5 OTHER  ENVIRONMENTAL  INPACTS 

2.6 ECOMOr.11 C I 8 P A C T S  
h 

1 
ALTERNATIVE CONTROL SYSTEMS 

2 .7  i f  retrofi  t t i n g  t o  NSPS i s  f 
unreasonable, other  control system 
should be analyzed. 

$ 

. _. . EART SELECTION 
Emission l i m i t a t i o n  establi: 

I t . l  SIP R E V I S I O N  

EPAOAQ 0836494 
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according t o  procedures outlined  in 40 CFR 51,303. The  Admini s t r a to r  

after  appropriate  public review,  will  grant  or deny the'exemption. Any 

exempti,on i s  only effective upon concurrence by the  Federal Land Manager. 

2.0 VISIBILITY IMPACT ANALYSIS 

See  Figure 2. 

I 

found 
m s  

i shed 

Upon identifying the' existing  stationary  facil i ty  to which the   v i s ib i l i ty  ' ,  

impairment i s  reasonably at t r ibutable ,  a BART analysis  for  the  pollutant(s) 

causing  the impairment must be performed. A v i s ib i l i t y  impact analysis 

i s  the   f i r s t   s t ep  necessary to  determine i f  v i s ib i l i ty   i s   an t ic ipa ted   to  1' \ 

improve from the  imposition of re t rof i t   controls .  The .following  sections 
1' 
il 
i~ 
1 

discuss how this i s  accomplished. I 

, .  

2.1 PROCEDURES ;I I 

2.1 -1 Source Information 

In order  to conduct  a visi bil i ty  analysis  the  fol lowing data  are 

needed. 

1 .  

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

Plant  siz,e,  capacity, mode of operation 

Emission rates  (actual and potential ) for  nitrogen  oxides 

(NO,), part iculates and sulfur  dioxide (SO;) (grams per second) 

Remaining useful l i f e  of any existing  pollution  control  systems 

Remaining useful  1 i f e  of any specific units within  the  plant 

Remaining plant 1 i f e  ' 

Stack  diameters  (meters) 

Stack  heights  (meters) 

Actual gas velocity  (meters  per  second) 

Stack  temperature  (degrees  Kelvin) 

___- 

. .  

~ . 

EPAOAQ3836495 
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-~Th.e-a-bove d a t a  should-be-obtained from the  plant-and should be confirmed 

by other  data  available  to  the  State from in-house,  Federal, and local 

agency records. , ,  Data for fu l l  load conditions should be used for pre- 

limi-nary-vi-sibi.l-1:ty~ impact analysiS:"For-vi si  b i  1Tty"impact  analyses  in' 

conjunction w i t h  evaluation of BART alternatives,   variations i n ' ,  emission 
, #  

ra tes  w i t h  changes i n  production may  be considered i f  reliable  data 

are  available.  Other, parameters which may -a l so  be useful  are  opacity 
~- " ~ " ~ -. . . - - . - .. - .. . . . . 

2 . 1 . 2  Emission Rate Estimates 

A-representation- of--curre-nt,  a-ctual  -emission rates ,  i .e. , emission 

rates  w i t h  any existing  control  systems, i s  necessary so that  the 

expected improvement i n  v i s ib i l i t y  can be estimated. These emission 

ra tes  can be obtained from various  places such as  the  source  itself , 

other  control  agencies,  in-house  data,  or new emission test data. They 

should represent  actual  emissions and not  estimates based upon theoretical 

control  efficiencies.  

This data should be thoroughly  analyzed  for i t s  accuracy based on 

present plant  conditions.  If the emission  rates do n o t  seem appropriate 

i n  l i g h t  of the observed v i s i b i l i t y  impacts,  the  State  should require 

additionaFl"emissi-on';t.ests,-and-/or"ca'lcu~late "a current  emission  rate 

conci-derin~g"pesent.-pla-ntprocEses, a i  r"-po-l l i t i  on control  systems . 

currently i n  use, and current  fuel i n p u t .  The differing emis'sion rates  

sho'uld then be compared and,. us ing  good en.gineering judgment, the one 
~ ~ . .  

which most accurately  represents the current emission ra te  of the 
. .. . ." . 

source  should be used. 

EPAOAQ 8036496 
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2.2 PRELIMINARY ASSESSNENT OF IMPROVEMENT  IN VISIBILITY 

After  all  appropriate  data  are  collected and emission rates 

established,  the amount  of  improvement in  visibil i ty expected from 

re t rof i t t ing  must  be assessed. This i s  acc'omplished by comparing the 

exis t ing  vis ibi l i ty  (based on existing  emissions) w i t h  the   vis ibi l i ty '  

anticipated from imposition of the maximum achievable  control. Maximum 

achievable  control i s  generally  represented by  New Source Performance 

Standard.s-a.s. publ-ished-in 40 CFR Part 60, applicable t o  the so.urce 

under analysis. I f  the   vis ibi l i ty  impact analysis shows v i s ib i l i t y  

improves . .~ a perceptible amount under this  level o f  control,*  the BART 

analysis then begins t o  consider  alternative  retrofit  control schemes 

for  the  source. I f ,  a f t e r  comparison of the  vis ibi l i ty  a t  ex1s:ing 

and maximum achievable  control  levels, - no perceptible improvement i s  

expected,  the  analysis need not  continue.  Additionally, i f  the  State 

7 

chooses t o  impose a BART emission  limitation  equivalent  to  the NSPS the 

analysis need n o t  continue. 

Both analytical  techniques and empirical methods may  be used to  

estimate  the  degree i n  improvement i n  v is ibi l i ty   ant ic ipated from 

control of certain  pollutants.  Analytical  techniques which assess 

v i s ib i l i t y  a t  various  emission  levels  are now being 'refined by the Agency. 

Two guideline documents, "Workbook for  Estimating  Visibility Impairment" 

and "User's Manual for  the Plume. V i  si bi  1 i ty  Model (PLUVUE) , ' I  discuss ) '  

.. ". . - ~" " ~ 

"" . ~ . . "  

i 
i a useful  analytical  technique to   a id  i n  assessing improvements i n  

vi si bil-i ty- a t  var'ious-control"-l$vel s, These documents have undergone 

, c  b publ,ic review and are  available through NTIS. Although this technique 

has yet  t o  be fully  validated,  preliminary  results u s i n g  data from EPA's 

VISTTA program,are  promising, and the Agency believes t h i s  t o  be a valuable 
z i 

t * 
B Preliminary studies indicate a change i n  contrast i n  the range of 0.01 i t o  0.04 i s  capable o f  being  perceived by a human observer. [See Protecting 
.j Vi si b i l  i ty: An EPA Report to  Congress .] . ,  

. .  EPAOAQ 8836497 
'i 11 



- 
~~ ~ ~~~~~ ~. ~ ~ 

~ ~. ~ ~~~ ~ 

part  of the decision-making process. Use of these two guideline documents 

i s  n o t ,  however , required.  'States which i n  their   discretion use  the 

guidelines should n o t  consider any results-obtained  exclusive7y, b u t  

should  consider.  this  information  together w i t h  a l l  other available  'information 

i n  making a  regulatory  decision. 

Empirical methods, i .e. comparison photographic-.tec.hniques, can \ 

also.-pr~o~ide.:ya~lUabl_e..input -.  into  the sum -of information on which t o  

base  a BART decision.' A discussion of this technique  follows. 

2.2.1. Primary Particulates 
.. . . 

Primary particulates  are one of  the major causes o f  v i s i b i l i t y  

impairment generally  observed i n  the form of a d i s t inc t  plume..  The v i s i b i l i t y  

impairment  caused by a primary particulate plume i s  usually  localized and 

can generally be traced back, by visual  observation  or  monitoring,  to 

I .  i ts  source. The improvement anticipated from controlling primary par t iculate  

emissions i s  (1)  the  plume-disappears, (2)  the  effect  becomes even more 

localized, ( 3 )  the   effect  i s  reduced perceptibly  or (4) the frequency of 

the impairment decreases s o  a s   t o  improve v i s i b i l i t y .  A ccmnon sense 

approach us ing  comparison photographic  techniques  could  adequately 

demonstrate the impact of controll ing emissions for the " purposes o f  

Phase I BART determinations. These photographic  techniques ~ "~ " . ~ .  . .would . "" -involve . 

.comparing the  effects caused by a.  we1 1 controlled  source  versus  those 

caused by the  source under consideration. This comparison would be of 

simjlar  sources of equivalent  size under similar.  meteorological and 

geographical  conditions. For example, i f  a  similar  soutke has applied  a 

certain primary, particulate  ccntrol and i ts  plume disappeared,  or  the 

impairment was reduced, the,source could be used as an example o f  the 

~~ 

.~ "" - 

~ ." . . 
" . " 

EPAOAQ 0036498 
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. -  

~ ." - ~ .~ ". . . .. . . 

amount of improvement  expected by application of that control technology. 

For a more specific discussion o f  the proper  use of photographs, see 

- - ' ~  Section 3.3.3 of the "Interim Guidance for Visibility Monitoring.'' 

A more precise analysis of the effects of particulate matter on 

visibility i s  accomplished through the use of mathematical and other 

analytical techniques. The State, may  use these techniques at their 
. _ ~ _ _  d-i-scretion-. However; the~-Agen-cy-is not..requiring their use. The workbook 

and User's Manual referenced in the previous section describe these 
/I 

~.~ techniques." -~ 

2.2.2 Oxides of Nitrogen 

Another major component o f  visibility impairment is  NO2. Gaseous f 

NO2 absorbs blue  light creating a reddish or yellowish-brown plume. NO, 

can also act as  a precursor o f  light scattering aerosols. P.s with primary 

particulate plumes, the NO, plume  is  usually 1ocali.zed  and can generally 

be traced back,  by  visual observations or monitoring, to  its  source. 

-Cur-r~nt ...t echniquss for . . . r  educing NO emissions may show some improvement 
, .Lr- ".~:-.:""x 

~ - ...."___Ix" . .  
.. . 

in visibility, 'but evidence shows such techniques generally do not 

reduce emissions sufficiently to render the plume unobservable or provide 
~ .~ substantjal improvement i~n-visi-bility. New,-more effective control 

. " " ." techniques, at present available only under limited circumstances, 

___ should become avail-able within the. next few years. Section 51.302 of  the '1 
regulations requires States to reanalyze any pollutant (such as NO,) i 

1 
that has not previously been controlled by BART when the Administrator \ 

determines that new, more effective control technology is available. i 

_._._ 

$ 

i 

-."J 

As with particulate matter, a precise analysis of the effects o f  i 
1' 

NO, is accomplished with  the analytical techniques mentioned previously. 

13 EPAOAQ 8036499 



2.2.3 Sulfur Dioxide 

Sulfur  dioxide does n o t  d i rec t ly   a f fec t   v i s ib i l i ty ,  b u t  i s  a 
I ,  

precursor of 1 , i g h t  .scattering  aerosol's. These f ine  par t ic les  , (sulfates)  

by scat ter ing 1 i g h t  i n  the  observer' -" target '  path , reduce 'the 'contrast 
.. -. , . . .. -~,- " .T__ "4 , , #  I , 

8 ,  

- -~.. . 
, , ,  , 

. . .  
I , ,  

and,  therefore' '   the  clarity and detai 1 , between' the  target,  and i t s  

background. This 'general  reducti'on i n  contrast caused by sulfate  aerosols 

i s  most often  associated w i t h  regional  haze, which will be de'alt w i t h  

under  Phase  I1 , b u t  sulfates can and do contribute t o  vis'ible plumes  and 
. .  . 

single  source haze. If  the v i s i b i i i t y  impairment is "reasonably  attributable" 

t o  the  source , as may  be the  case i n isolated , rtiral  environments , t h e  

source  should be required  to implement BART t o  reduce SO2 emissions 

where  improvement i n  v i s ib i l i t y  is anticipated. However, since SOp i s  

most often a contributor  to  regional  .haze, an existing major f a c i l i t y  

that  emits SOp will  generally  not be subject  to BART for t h a t  pol iutant  

for  the f i rs t  phase of  the v i s i b i  1 i ty  program. 

Analytical.  techniques  are needed , b u t  not  required,  for a precise 

analysis of SO2 and 'its effects  ,on, v i  si b i  1 i ty. The  Workbook and.  User's 

Manual referenced  previously  provides  information on this. 

,2.2.4 Other Factors To Be Considered 

Frequency, duration, and time of occurrence refer to  how often an 

impairment impacts  a class I 'area,  how long this impairment  1asts;and 

~- when ~~ ~ ~~ the .~ ~ ~~~ impairment occurs.  Relative improvement such as the model 

predicts will not always present  all  the  benefits t h a t  can be obtained. 
"" . .~ .~ 

For example, the model may  show an overall improvement in sky-plume 

contrast of  10 percent ,from worst  case  impairment, b u t  this may be 

suff ic ient  t o  reduce the frequency o f  the impairment so tha t  i t s  impact 
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. .  

. 

i s  substantially reduced during  period of  maxi-mum v is i tor  use.  Oftentimes, 

a  reduction i n  frequency and duration  ,will provide  a maximum benefit for 

-~ ~1 . 

-a -  m i n i m u m  control--e-ffwt. -. Thus-, the- temp-ora? extent o f  the .impairment 

i s  of great importance and should be considered when assessing  anticipated 

improvements i n  v i s ib i l i ty .  

2.3 ENGINEERING  ANALYSIS 

. . " .. " . . . - I f   v i s ib i l i t y  i s  expected t o  improve as a resu l t  o f  the  imposition 

of controls,   available  retrofit   control systems  should be analyzed. so 

tha t  an emission limitation  representing BART can be establi,shed. BART 

determinations must be based on the  cost of compliance, the time necessary 

for  compliance, the energy and tionair  quality  environmental Impacts of 

compliance, any existing  air  pollution  control technology in use a t  the 

source,  the remaining  useful l i f e  of  the  source, and  the  degree of 

improvement reasonably  anticipated to   r e su l t  from the use of such technology. 

~. 

, .  

A general  discussion of the economic, energy, and n o n a i r  envircnmental 

impacts which should be considered i s  found i n  the  following  sections. 

For the  engineering  analysi s requi r\ed by this part,  informati on speci f i  c 

t o  coal f i red power plants i s  found i n  Pa r t  11. Part  I1  provides  information 

on se lec t ing   a l te rna t ive   re t rof i t  systems, and assessing  the economic, 

energy, and environmental  impacts of re t rof i t   a l te rna t ives .  

2.4 ENERGY IMPACT 

Energy impacts  should address  energy use associated  with the control 
.. , 

system under investigation and the  direct-effects  of such .energy use on 

the  faci l i ty  and the  comunity. Some specific  considerations  for  energy 

impacts are  presented below. 

15 
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2.4.1 Energy Consumpti on 

The amount, type  (e.g.,  electric,  coal,  natural  gas), and source of 
i '  , ,  

energy  required by the  control  system under consideration should be 

identified and  compared. In analyzing  for  energy consumption,  comparisons 

can  be made i.n terms o f  energy consumption per" u n i t  of pollution removed 

( fo r  example,  Btu/ton particulate removed). 

, 

8 '  
, ( 8 ; ,  I (  ' " '  I * I '  

' 8  , / I , '  , : 1  ; ' , ' , "  
I", (pt 

2.4.2 Impact on Scarce  Fuels 

The type and  amount of scarce  fuels  (e.g. ,   natural   gas,   dist i l late 

o i l  ) which are  required  to' comply w i t h  the control  requirement  should be 

identified and  compared. The designation  of a scarce fuel may vary from 

area  to  area, b u t  i n  general a scarce  fuel i s  one  which i s  i n  short  

supply  local'ly and  can bet ter  be used fo r  a1 ternative purposes , or  one 

which may not be reasonably avai lable   to   the  source  e i ther   a t  present or 

i n  the  future. 

2.4.3 Impact on Locally  Available Coal 

A control system which requires the use o f  a fuel other  than  locally 

or  regionally  available  coal  should be discouraged if such a requirement 

causes  significant  local economic disruption  or unemployment. 

2.5 ENVIRONMENTAL  IMPACT 

The net environmental  impact associated w i t h  the  emission  control 

system should be determined. Both beneficial impacts (e.g., reduced 

emissions  attributed  to a control  system) and adverse  impacts  (e.g. 

exacerbation  of  another  pollution problem through use of  a control 

system) shou ld  be discussed and quantified.  Indirect  environmental 

EPAOAQ 0836502 
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p The impact of air  pglluta.nts  emitted from a gas stream or a fugitive 
g 
k: [ emission  source can be assessed i n  terms of e i ther  quant i ' ty  of emissions, 
F' 
$j 

r .  system direct ly  removes or  releases  other  air.pol1utants  (or  precursors 

s modeled effects  on a i r  quali ty,   or both. ' i f  applicati>on.of  :a  control 
__ . - . ." - _ _  ~ - " 

to  other air pollutants);  then the pollutants  affected and the impact of 

these emission changes should be identified. The  analysis can consider 

any poJlutant  affecting a i r  quality  including  pollutants which are  not 

currently  regulated under the Act, b u t  which may  be o f  special concern 

regional  ly  or  local  ly. 

2.5.2 Water Impact 

~ 

Relative  quantities of witter used  and water  po1,lutants produced and 

discharged  as a resu l t  of use  of the emission control system  should be 

identified.  Where possible, the analysis should assess   their   effect  on 

adverse  effects. 

(. 2.5.3 Solid Waste Disposal Impact 
i: 

, The--q~ua"l-i ty--anrt-q-ua-n-~ityrof solfd  waste"~.(e.g."rsludges,  sol ids) t h a t  

$ must  be stored and: di,sposed. of or  recycled  as the r e su l t  of ,the  application 

) o f  an al ternat ive emission  control  system, i f  considered,  should be 
; * 

I 
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# ' ; I  ! 
; ! .  ; compared w i t h  the  quality and quantity of  wastes created i f  the  emission * 

I control system proposed as BART is  used. The composition and various 

other  characterist ics o f  the,.solid waste (such  as  permeability,  water 

retention,  rewatering of dried  material , compression- strength, leachability 

of dissolved  ions , b u l k  densipty, 'abi l i ty   to ,  suppor t  vegetation growth 

and hazardous character is t ics)  which are  significant w i t h  regard t o  

potential  surface  water  pollution  or  transport  into and contamination o f  

sub-surface  waters o r  aquifers  should be considered. The re la t ive  

effectiveness, hazard and opportunity  for s o l i d  waste management options, 

such as  sanitary  landfil l ,   incineration, and recycling,  should be ident i f ied 

and d i  scussed. 

2.5.4 Irreversible  or  Irretrievable Commitment of Resources 

The BART decision may consider the extent  to which the emission 

control system may involve a trade-off between short-term  environmental 

gains a t   the  expense  of  long-term  environmental losses and the  extent  to 

which  the system may result i n  i r revers ible   or   i r re t r ievable  commitment. 

of resources  (for example, use o f  the  scarce  water  resources). 

2.6 ECONOMIC ANAtYSIS 

This- analysis  should  address  the economic impacts assoc 

instaqling-and .op.e.ra.ting. control ... systems  under consideration 

iated w i t h  

for  ,BART. 
i Cos-ts--associated w i t h  New Source  .Performance Standards can be found i n  

j 
t tk.e-NS-PS Background Information- Documents. ,&Ither economic impacts which  

.+&e 

should be considered  follow. 

2.6.1 Direct Costs 

--- The direct  cost  -for..  a---con.trol method_.shoulM be presented.  Investment 

costs,  operations and maintenance  costs and amualized  costs  should be 

presented  separately.  Costs  should be i temized and explained.  Credit 

18 
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-for  tax--incentive-s -should be included  along with credits  for'product 

recovery  costs and by-product sales  generated from the use o f  control 

--sys-kems-. --T-he- lifetime. of -the--investme.nt  shoul-d- -be so stated.  The costs 

of a i r  treatment,  water  treatment, and solid waste disposal  should be 

presented  separately. When considering  the  addition of control equipment 

to  that  already  in  place,  the  cost of incremental  control  should be 

analyzed. Additional]y.,..-the e-xpected useful l i f e  o f  any .. exis-ting _ _ ~  control 

equipment should be evaluated on the  basis o f  i t s  expected retirement/ 

replacement  schedule. 

As a guide i n  determining when control  costs become excessive, 

comparisons can be made i n  terms o f  certain  cost  effectiveness  ratios. 

Such rat ios  may include  the  following: I 

. ra t io  of total  control  costs  to  total  investment  costs 

. cost  per u n i t  of pollution removed ( for  example, dollars/ton) 1 .  

. u n i t  production costs (for example, m i l l / k w - h r ,  dollars/ton).  ~ I 

I 

In some cases , the u n i t .  of production o u t p u t  may  be d i f f i c u l t   t o  determine , , 

I 

as i n  the  case o f  a plant producing many different  products.  In such 

cases , u n i t  production costs  can be expressed  as  cost 'per dol lar  of 

total   sa les .  e..? 
,.: I 

The remaining  useful l i f e  of the  source will have an e f fec t  on the 

amorti zed cost  of  the  anticipated  control equipment and , as such , should  

be:g-iiuen~ strong  cons-iderati-on i n  determining BART. 

-* :-2.6.2 Capita-l Availabil-ity 

Capital  availabi1,ity  addresses the d i f f icu l ty   tha t  some sources may 

face i n  financing  alternative  control systems. Proof of such claims 

should be ful ly  documented. 

I 

I 
~* 

~ 

1% 
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2.6.3 Local Economic Impacts , .  

Local , economic impacts address the economic feasi b i l  i t y   of^ BART 

requirements and the impact on production  decisions of the firm i n  

response to  the  level of control. For example, BART could a l t e r   t he  
__ "~ ~- - ~ ,- - - ~ ." ." - - 

econom 

cancel 

change 
~ " -~ 

i c s  of the plant  to  the  point where the  decision would  be  made t o  

expansion of a f ac i l i t y ,   t o  reduce the  scale o f  operation,  or  to 

the  production mix. The local employment effecp,   including 

number of jobs,   dollars paid i n  sa la r ies ,  and changes i n  employee skill 

levels r e q u i r e d  should be evaluated. The guideline does not imply that  

the BART decision should  force a plant  to the br ink  o f  shutdown. The 

BART decision must be based on sound judgment, balancing  environmental 

benefits w i t h  energy, economic, and other  impacts. 

2.7 CONSIDERING  ALTERNATIVE CONTROL SYSTEMS 

As previously  stated,   for  fossil  fuel f i red  power plants w i t h  a 

generating  capacity i n  excess of 750 megawatts , the Agency believes  that 

the NSPS level of  control can be met w i t h  technology tha t  i s  generally 

available  to  these  sources, and tha t  this level of control  generally 

represents the best these sources can ins ta l l   as  BART. 

In  determining BART, and for  inclusion i n  i t s  SIP, the  State must 

explain i n  detai l  how i t  weighed the  various BART factors required by 
i 

8 :  the Act (S169A(g)(2)),  the  regulations  (S51.301(c)), and this guideline. 
I '  

T h i s  explanation rrust demonstrate tha t  the emission  limitation chosen 

( i f  one other than the NSPS) re f lec ts  a reasonable  balance of the various 
. " . "" . " - . . . 

. . . \ 

BART factors.  T h i s  explanation must se t   for th  the visi bil i ty,  energy, 

econcmic, and other  impacts  associated w i t h  application o f  an NSPS level 

of control , and  compare those  impacts  to  alternative  levels of control 

EPAOAQ 8836586 
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P 
B *  1 including  the  level of control  selected by the  State  as BART. Because 
b v  

<- 

1 EPA believes t h a t  NSPS control  generally  represents  the  best  these  sources 

can instal l   as  BART, <x.-the State   sets  for a pol 1 utact  emitted by  a"-> 

fossi i fuel  fired power plant w i t h  a generating  capacity i n  excess of 
i 
I 
j 

750 megawatts a BART emission l i m i t a t i o n  equivalent- t o  the NSPS level o f  /" 

2- 

_,"L1l_. . _ _  _..XX_-.II-.--.-CL-..-.--.- , I.. ~ . ,  ,. 

i 
J 

i 

1, z - 

a 
control , this detailed  demonstration will- not be required for  the purposes1 i 

_c__ r 
of EPA review. 

3.0 BART SELECTION 

An emission l i m i t a t i o n  t h a t  is BART must be.estab1ished  for each source. 
.-  

This along w i t h  a31 evidence as  t o  why this emission limit was chosen i s  

incorporated  into  the SIP  submitted t o  EPA for  approval. I t  i s  suggested , 

tha t  i f  a range of alternative  control systems were examined, the  State 

arrange  these  alternatives  into an array. This array would inc1ud.e a 

i 

I 

i 

description of each.alternative  considered,  the  cost of the  alternative,  

I the improvement i n  v is ibi l i ty   obtained,  and any economic, energy, on nonair 
I 

~ 

environmental factors which affect   the  selection. This array would provide 

a  logical sequence by which the BART emission l imitation was se t .  The State  

must also  present the logic network used i n  i t s   f inal   decis ion making 

EPAOAQ 0036587 
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PART I1 

SECTION 1 

- - ~  BACKGROUND ‘INFORMATION ” 

1.1 INTRODUCTION 
6 

This p a r t  of  the proposed BART guideline is  for use i n  assessing 

the  effectiveness of retrofit  control  techniques and for  estimating 

cost. They are’  f lexible w i t h  respect  to  specifying  control systems for  

implementation of BART. 
1 ,  

1 .2  RELATION TO PART I 

Part I provides  guidance on identifying  those  sources t o  be 

analyzed for  BP.RT, assessing  the  anticipated improvement i n  v i s i b i l i t y ,  

conducting an engineering  analysis , and establishing  emission  limitations 

for  BART. Part 11, as  discussed below, contains an explicit   discussion 

of the  engineering  analysis required by Part  I.   Part I i s  general  guidance 

and i s  appropriate  for the analysis of  a l l   ex is t ing  major stationary  source 

categories. 

T,his Part I1 provides  specific  engineering  information on coal-fired 

power plants  having an operating  capacity i n  excess of 750 megawatts. I t  

provides  information for   se lec t ing  a1 ternative  retrofit   systems, and 

assessing the economic, energy, and environmental  impacts of retrofit 

alternatives.  Although this part i s  specifically  for  coal-fired power 

plants,  much of the engineering  information and procedures may be he1 p f u l  

when analyzing sources i n  other  source  categories. 

EPAOAQ 8836516 
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1 . 3  UTILIZATION OF PART 11 
1.3.1 Purpose 

~- - .. . ~ ~ .. ~ 

The'.-gu-idelines  in  this  document  specify  the .emission 
levels,  emission  'reduction  potential,  and  costs  corresponding 
to each of the'retrofit systems  discussed.  By  judicious 
application of these  data to  any  plant situation, an estimate 
of cost  and  effectiveness of a  control  may be made for that 
plant.  The  guidelines  are  not  inte,nded,  'to  prbvide  comprehensive, 
cost  estimates  for  retrofitting coal-fired steam generators. 
Comprehensive  cost  estimates  require  extensive  engineering 
studies  such as  the  preparation  of  specifications,  bid criteria, 
equipment  layouts,  and  detailed  drawings.  Because  the  funds 
needed  for  these  types of studies  are  usually  beyond  the  budgets 
of most  air  pollution  control  agencies, the  broad  cost  estimating 
techniques of this  document  are  recommended.  The  cost 

~~ ~~ ~- ~ 

. estimating dat,a  and procedures o f  this  document  will  generally 
yield  reasonable  cost.  Should  one  suspect  that  the  cost 
estimates of this  document  would  lead  to *a false  conclusion 
on .the cost  feasibility of retrofitting certain control 
sys,tems,  the more  comprehensive  cost (and more costly) 
estimating  techniques  previously  described  should  be  used. 
Although  the precision of the  cost  estimates can be improved 

.- . by m0r.e costly studies, the  accuracy of co'nclusions on the 
effectiveness of'.the . ,  various  systems  for  reducing  emissions 
would  generally not be significantly  improved*  by  further 
s tudy . 
This  document was prepared  recognizing  that  there  are  techniques 
other  than  those used as the  basis for this  document  that are 8s  

effective  as  those  used  for  the cost estimates.  Consequently, 
'the  owner of a coal-fired steam  generator  should be  allowed 
to-select other  techniques'  as long as such alternate  systems 
perform at a  level of effectiveness  required  by  the BART. 
determination. 

'\ 

, .  
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1.3.2 

Y 

Data , Assumptions , and Technical Approach 

T h i s  study  resulted from the need t o  understand  the  basis 
and methods of  r e t ro f i t   cos t   ana lys i s  t h a t  would cause 
emission reduction  of  nitrogen  cxides,  particulate, and 
sulfur 'oxides. The ,cost  modules developed have been based 
on' the emission  levels found i n  EPA , m  . background ' '  

dpcmentation,:  (1,, 2,? 3, and 8 -  4,). 'These I,, levels ,   are  210  and 
260 nanograms p e r  joule   heat  i n p u t  (0.5,1bs/lO. B t u  
and , ," 0 . 6 ~  lb/10,, B t u )  f a r  NOx from subbituminous 
and. bituminou,s coal,  res~pectively;  13 ng/J heat i n p u t  (0.03 
lbs/10 B t u ) .  for   par t iculate   emissions;  and 90% 
removal of  the sulfur qxides from the  power plant   f lue 
gas.  These three pol lu tan ts   a re  of prime v i s i b i l i t y  
concern  although  emissions from large,  coal-fired,,  steam 
generators  als'o include carbon monoxi de , halogens , t race  
metals ,  and hydrocarbons  (including  polycyclic  organic 
matter) .  As s t a t ed  i n  Part  '1, i t  i s ' d o u b t f u l  t ha t   e i t he r  NOx 
or SOx control will be required i n  Phase ' l  o f  the v i s i b i l i t y  
program. However, when this report  was begun ' i t  was f e l t   t h a t   c o n t r o l  
systems  for   a l l   of   the  major vis ibi l i ty   impair ing  pol lutants  
should be investigated.  All' of tha t   in fomat ion  is  presented here 
f o r  reference and future use. The process acd cost   data  were 
obtained  primarily from  background information for new source  perfor- 
mance standards and  from  Pullman  Kellngg in-house work (1,2,3,4, and 
5 ) .  The data needed for   es tabl ishing  process  requirements t o  
r e t r o f i t  the example power p lan ts  were obtained from information 
furnished by the power p lan ts  , from visual  inspection  of the 
plant  si tes d u r i n g  plant  visits, and from yearly  reports  prepared 
by the u t i l i t i es  (FPC Form 67). 

6 " 

6 
' , ',, 

! , , I  1 

6 ' 4  

The methods considered  for  control  of  emissions  are: 
boi ler   modif icat ions  for  reduction of  nitrogen  oxide 
emissions;  particulate  control usin: baghouses  and/or 
e l ec t ros t a t i c   p rec ip i t a to r s   (ho t   o r   co ld  s ide) ;  and f lue  
gas desu l fur iza t ion  by either wet or semi -dry scrubbing.  
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power p lan ts  with 750 MW, o r   l a r g e r ,   t o t a l   p l a n t   c a p a c i t y .  
,However, some of the designs  can be appl ied   to  much 
smaller   plants .  The costs  developed  here  incorporate  the 
va r i a t ions   i nvo lved   i n   a t t a in ing   t he   p l an t   capac i ty ;  

. ___ "" . ". . 

The general   content  and t h e   c o s t s   i n  this r e p o r t   d e s c r i b e  , 
the method and choice of i n d i v i d u a l   r e t r o f i t   f o r   e m i s s i o n  ~ 

p e r s o n n e l   i n v o l v e d   i n   e n v i r o n m e n t a l   c o n t r o l .  Th.e 

modification  only; no other   control   a l ternat ives   have  been ~ 

selected.   Par t iculate   emissions  cont ' rol  i s  'l-imited t o  

1.3.4 Method of  Use . 

I 

Methods-::fo:r:--de-veloping:cost data are  descri-bed i n   S e c t i o n  ~ 

3. The  t e c h n i q u e   f o r   u s i n g   t h e s e   c o s t   m o d u l e s   t o  ~ 

desc r ibed   i n   Sec t ion  4 .  Examples a re   p resented   in  the 
Appendices. 
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SECTION 2 

RETROFIT  EMISSION CONTROL TECHNIQUES 
j 

.. .. ~. I .  

2 . 1  GENERAL 

The r e t r o f i t t i n g  ... t echnques  for  ,NO,, S 0 2 ,  and 
p a r t i c u l a % e   e m i s s i o n s   c o n s i d e r e d   i n  t h i s  document are  based 

. o n l y  on c o m m e r c i a l l y   a v a i l a b l e   m e t h o d s  f o r  r e d u c i n g  t h e s e  
p o l l u t a n t s .  For NO,, the  e m i s s i o n   r e d u c t i o n   t e c h n i q u e s  
c o n s i d e r e d   i n c l u d e  s taged  c o m b u s t i o n   ( o v e r f i r e  a i r  a n d / o r  
c u r t a i n  a i r )  and low NO, b u r n e r s .  The p a r t i c u l a t e  
c o l l e c t i o n   s t u d i e s   e x a m i n e d  E S P ' s  ( c o l d  o r  h o t  s i d e )  and  
baghouses ( f a b r i c  f i l t e r s ) .  

The maximum c o n t r o l   e f f e c t i v e n e s s   o f   t h e   s y s t e m s   d i s c u s s e d  
i n  t h i s  document i s  as f o l l o w s :  
NO . .  
"X 

Subbi tuminous   coa l  210 nanograms  per   jou le  - 
( 0 . 5  1b/1o6 B t u )  

2-1 
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P a r t i c u l a t e s  
F a b r i c   F i l t e r s  
a n d   E l e c t r o s t a t i c  
P r e c i p i t a t o r s  

Scrubbers 

-2 so 
Wet scrubbers  
Dry scrubbers  

8 1  

13 nanograms  per  joule .' 

(0.03 lb /106  Btu) 

2 1  nanograms  per  joule 
(0 .05  lb /106  'Btu) 

90 percent  removal  of the SO2 

70 percent  removal  of the 'SO2 

As d i s c u s s e d   i n   S e c t i o n  2.2 and  Sect ion 3, it may not  a lways  
be p o s s i b l e  to a t t a i n  these NOx l e v e l s   f o r  a l l  r e t r o f i t  
s i t u a t i o n s .  The EPA p o s i t i o n  on the o p e r a t i n g   e f f e c t i v e n e s s  
of p a r t i c u l a t e  and SO2 r e t r o f i t   c o n t r o l  sys t ems  is  
d i s c u s s e d   i n   A p p e n d i c e s  D and E o f ' t h e s e  g u i d e l i n e s .  

Control  of SO2 emiss ions   inc luded   s tud ies  of both wet I 

and  semi-dry   sc rubbing .  The cos-ts d e v e l o p e d   f o r  t h e  wet 
scrubbing   sys tem  inc lude   cases  t ha t  u s e  lime o r   l i m e s t o n e ,  
Wellman Lord ,  Mag-ox, o r   d o u b l e  a l k a l i  s c r u b b i n g .  The 
semi-dry scrubbing (lime) uses  the Joy-Ni ro   p rocess . .  T h i s  
p r o c e s s   u s e s  a s p r a y  d r y e r  f o l l o w e d  b y  a b a g h o u s e   f o r  
p a r t i c u l a t e   c o l l e c t i o n .  

The c o n t r o l  systems out l ined   above  are d i s c u s s e d   i n  d e t a i l  
i n  the f o l l o w i n g   s e c t i o n s .  

EPAOAQ 8836522 
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SECTION 3 
RETROFIT DESIGN AND COSTS I 

5.1 GENERAL 1 

The key p ieces  of  equipment  used t o   r e t r o f i t   p u l v e r i z e d -  
coa l - f i r ed ,  steam gene ra to r s  for NO, r educ t ion  and f o r  

I 
1 
i con t ro l   o f  SO2 a n d   p a r t i c u l a t e s  are f i x e d  i n  

ope ra t iona l   des ign .  The f u n c t i o n a l   d e s i g n   f o r   s i z i n g   t o  
meet   emiss ion   leve l   requi rements   reduce ,   re la t ive ly  e a s i l y  
t o   p h y s i c a l   l a y o u t   c o n s i d e r a t i o n s   a n d   m a t h e m a t i c a l  
a n a l y s i s .   U s i n g   t h e   r e t r o f i t   t e c h n o l o g y   o u t l i n e d   i n  
S e c t i o n  2 ,  t h i s  s e c t i o n   p r e s e n t s  t h e  g u i d e l i n e s  f o r  
d e t e r m i n i n g   r e t r o f i t   c o s t s .  It a l s o   p r e s e n t s  t h e  

equat ions  f o r  p r o r a t i n g   t o   o t h e r   d e s i g n   c o n d i t i o n s .  T h i s  
i s  the  basis f o r   e s t i m a t i n g   c o s t s   f o r  a n y  d e s i r e d . ' r e t r o f i t  
s i , t u a t i o n .  A t y p i c a l .   s c h e d u l e  f o r  r e t r o f i t t i n g  t h e s e  
p lan ts   conc ludes  the d iscuss ion .  

3.1.1 Emissions .- ." .. 

The cos t   .modules   for  NO, r educ t ion  are based on the 
b ~ e s t . . a v - a i l a b l e   t e c h n o l o g ' y   a s s o c i a t e d  w i t h  b o i l e r  
mod i f i ca t ions   t o   r educe  NO, formation. This document 
p re sen t s   cos t s   - -b -a s -ed - ,on -  these ~ m o d i f i c a t i o n s .   E m i s s i o n  
l e v e l s  of  2 1 0  n g / J  h e a t  i n p u t  ( 0 . 5  l b / 1 0 6  B t u )  f o r  

. . _" ~~ 

- .. ~. : 
s u b b i - t - u m i n o u s   c o a l   a n d  26.0 n a n o g r a m s   p e r  j o u l e  \ 
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heat   input  (0 .6  lbs/106  Btu)   for   bi tuminous  coal .  are 
the basis of the   modi f ica t ion  c0sts.l Actual d 

& 

implementation  of the m o d i f i c a t i o n s   d i s c u s s e d   p r e v i o u s l ,  
may not permit t h i s  emis s ion   l eve l  t o  be r e a c h e d ,  b u t  i t  

p r e s e n t s  the best p o t e n t i a l   f o r  NO, emission 
reduct ions .  

, . -~ 

The c o s t s   f o r  SO2 c o n t r o l  are based on achieving 
SO2 r e d u c t i o n s   i n  the f lue   gas   o f  up to For 
p a r t i c u l a t e   c o n t r o l ,  t h e  c o s t   m o d u l e s  a r e  b a s e d  or 
a c h i e v i n g   e m i s s i o n   l e v e l s  of  13 n g / J  h e a t .  i n p u t  ( 0 . 0 1  

lb/106 Btu) . 3  

3.1..2 Basis of  Costs 

The cos ts   o f  an emiss ion   cont ro l  sys t ems  are es t imated aE 
c a p i t a l   ' c o s t s   a n d   a n n u a l i z e d   c o s t .  The c a p i t a l   c o s t  
r e p r e s e n t s  the  i n i t i a l   i n v e s t m e n t   n e c e s s a r y   t o   i n s t a l l ,  and 

.commission the system. A l l  costs are based on 3rd-quarter 
1 9 7 9  d o l l a r s .   A n n u a l i z e d   c o s t s   r e p r e s e n t  t h e  c o s t  of 
o p e r a t i n g   a n d   m a i n t a i n i n g  the s y s t e m  a n d  t h e  c h a r g e s  
needed  to r e c o v e r  t h e  c a p i t a l   i n v e s t m e n t ,  w h i c h  a r e  
referred t o  as f i x e d  cos t s .  'The c o s t   o f   l a n d   f o , r   s l u d g e  
d i s p o s a l  i s  n o t   i n c l u d e d   i n  t h i s  s t u d y .   L a n d   u s e d   f o r  

. .  s l u d g e .   d i s p o s a l  i s  c o n s i d e r e d  t o  h a v e .   z e r o   - v a l u e -   - o n c e  
s l u d g e   d i s p o s a l  at  that s i t e  has  cea.sed. 

C a p i t a l  c o s t s   c o n s i s t  o f  d i r e c t  a n d   i n d i r e c t   c o s t s  
i n c u r r e d   u p   t o  the  t i e - i n   a n d   s t a r t u p   o f  t h e  r e t r o f i t .  
D i r e c t   c o s t s   i n c l u d e  t h e  cos t - s  o f  v a r i o u s  i tems o f  
equipment  and the  l a b o r  and material ( c o n s t r u c t i o n  c o s t s  
i n c l u d i n g  f i e l d  o v e r h e a d )   - r e q u i r e d  f .or  i n s t a l l i n g  these 
items a n d   i n t e r c o n n e c t i n g  the  systems. I n d i r e c t   c o s t s  
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i n c l u d e   s u c h   i t e m s  as f r e i g h t ,   p r o c u r e m e n t ,   a n d  
a l l o c a t e d   c o s t s   a s s o c i a t e d  w i t h  t h e   p u r c h a s e   a n d  
i n s t a l l a t i o n  of the cont ro l  equfpment. 

I 

3 . 1 - 2 . 1  Di rec t   cos t s .4  - The purchased  cost of the I 
i 

equipment and the  cost  of , i n s t a , l l i n g  it  a r e   c o n s i d e r e d  1 I 

d i r e c t   c o s t s .  The cos t   o f  a n  e q u i p m e n t   i t e m  i s  t h e  
p u r c h a s e   p r i c e   p a i d   t o  t h e  equ ipmen t  s u p p l i e r  on a 
free-on-board ( f . 0 .b . )  bas i s ;  t h i s  does  not  include the 
f r e i g h t   c h a r g e s .   I n s t a l l a t i o n   c o s t s   c o v e r  t h e  

interconnect ion - .  of the   sys tem,   which   involves   p ip jqg , '  
e l e c t r i c a l ,  and.  the  other work needed t o  commission it 
such as t h e   c o s t  of s e c u r i n g   p e r m i t s  and t h e   c o s t  of ~ 

insurance   for   the  equipment and personnel on s i t e .  The 
cos t s  of foundat ions ,   suppor t ing   s t ruc tures ,   enc losures ,  
d u c t i n g ,   c o n t r o l   p a n e l s ,   i n s t r u m e n t a t i o n ,   i n s u l a t i o n ,  
p a i n t i n g ,   a n d  s i m i l a r  i t e m s   a r e   a t t r i b u t e d   t o  
i n s t a l l a t i o n .   C o s t s   i n c l u d i n g   s i t e   d e v e l o p m e n t ,  
r e l o c a t i o n   o r   a l t e r a t i o n   o f   e x i s t i n g   f a c i l i t i e s ,  
a d m i n i s t r a t i v e   f a c i l i t i e s ,   c o n s t r u c t i o n  of a c c e s s  'roads 
and  walkways,   and  es tabl ishing r a i l ,  b a r g e ,  o r  t r u c k  
f a c i l i t i e s   h a v e   n o t   b e e n   i n c l u d e d   i n   d e v e l o p i n g   t h e  ,, 

r e t r o f i t   c o s t s   e x c e p t  as noted;  they must; be de te rmined .  8 1  

on an   . ind iv idua l  basis f o r  a - spec i f i c   p l an t .  

I 

3.1.2.2 ~ - ~- . ~"~~ Ind i r ec t   cos t s .4 -  The indire ,c t   costs   include 
f re ight  from  point of o r i g i n  and ind i r ec t   cap i t a l   cos t s , .  :~ 

The i n d i r e c t   c a p i t a l   c o s t s   c o n s i s t  of several   cost   i tems ; 
w h i c h  a r e  c a l c u l a t e d  as p e r c e n t a g a e s   o f   t h e   t o t a ' l  1 1 

i n s t a l l ed   co , s t  ( T I C ) ,  t h e   d i r e c t   c o s t s  as noted  above. I 
The ind i r ec t   cap i t a l   cos t s   i nc lude  the following items: 1 

, 

3 -3 8 8  
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

" 

I n t e r e s t  - Interest   covers   costs   accrued on borrowed 
capi ta l   dur ing   cons t ruc t ion .  (About 10% of  the T I C , )  
Engineering  costs - These  costs  include  administra- 
t ive ,   p rocess ,   "pro jec t ,  and general   costs ;   design and 

r e l a t e d   f u n c t i o n s   f o r   s p e c i f i c a t i o n s ;  b i d  a n a l y s i s ;  
spec ia l   s tud ie s ;   cos t   ana lys i s ;  ' I , , , ,  ,, a c c o u n t i n g ;   r e p o r t s ;  
p r o c u r e m e n t ;   t r a v e l   e x p e n s e s  ; l i v i n g   e x p e n s e s ;  
e x p e d i t i n g ;   i n s p e c t i o n ;   s a f e t y ;   c o m m u n i c a t i o n s ;  
m o d e l i n g ,   . p i l o t   p l a n t   s t u d i e s ; '   r o y a l t y   p a y m e n t s  
d u r i n g   c o n s t r u c t i o n ;   t r a i n i n g  o f   p l a n t   p e r s o n n e l ;  
f ie ld   engineer ing;   safety  engineer ing;   and  cdnsul tant  
s e rv i ces .  (About 10% of the TIC. ) 
T a x e s  - I n c l u d e  sa les ,  f r a n c h i s e ,   p r o p e r t y ,   a n d  
exc ise   t axes .  (About 1 . 4 %  o f  the TIC.) 
Allowance f o r  shakedown - I n c l u d e s   c o s t s   a s s o c i a t e d  
w i t h  sys tem s t a r t u p .  (About ,5% of   the TIC.)  

Spare  par ts  - Represent  costs  of items s t o c k e d   i n   a n  
e f fo r t   t o   ach ieve  100 p e r c e n t   p r o c e s s   a v a i l a b i l i t y ;  
such items include pumps, v a l v e s  , c o n t r o l s ,   s p e c i a l  
piping and f i t t i ngs ,   i n s t rumen t s ,   sp ray   nozz le s  , and 
similar equipment  not  included  in  base  cost   moduleg. 
(About 0.5% of  the TIC.)  
Cont ingen 'cy  costs  - I n c l u d e ' s   c o s t s   r e s u l t i n g   f r o m  
m a l f u n c t i o n s , .   e q u i p m e n t   d e s i g n   a l t e r n a t i o n s ,   a n d  
similar .unforeseen  sources.  (About 20% of the TIC) . 
C o n t r a c t o r s  fee  and  expenses  - I n c l u d e s   c o s t s   f o r  
f i e l d  l a b o r   p a y r o l l ,   s u p e r v i s i o n   f i e l d   o f f i c l e ,  
a d m i n i s t r a t i v e  . p e r s o n n e l ,   c o n s t r u c t i o n   o f f , i c e s  , 
temporary  roadways , r a i l r o a d   t r a c k a g e ,   m a i n t e n a n c e  
and  welding  shops , p a r k i n g  l o t  , c o m m u n i c a t i o n s ,  
t e m p o r a r y   p i p i n g ,   e l e c t r i c a l ,   s a n i t a r y   f a c i l i t i e s  , 
r e n t a l  equipment,  unloading and storage  of materia,ls, 

d 
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t r ave l   expenses ,   pe rmi t s ,   l i censes ,  taxes, .  i n su rance ,  
o v e r h e a d ,   l e g a l  l i a b i l i t i e s ,  f i e l d   t e s t i n g   o f  
equipment , .   and  labor-   re la t ions.   Contractor  f ee s  and 
expenses are about 5% of the TIC. The i n d i r e c t   c o s t  
f o r  a g i v e n  es t imate  is , a b o u t  5 8 . 6 %  o f  t h e  T I C .  

I n d i r e c t   c o s t s   h a v e   b e e n  a d d e d  t o  a l l  c o s t s ,  
p resented  i n  th i s  docume,nt. 
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3 . 2  RETROEITTING TO REDUCE NOx EMISSIONS 

The e f f e c t i v e n e s s   o f   a p p l y i n g   c u r r e n t l y   a v a i l a b l e  
r e t r , o f i t   c o n t r o l   f o r  NOx emiss ions   t o  new c o a l - f i r e d  
power " p l a n t s  i s  Z l ' t "ng / J ' hea t   i npu t  ( 0 . 5  ' l b s / l O  
Btu)   for   subbi tuminous '   coa l"   and ,260   ng /J   hea t   input  
( 0 . 6  lbs/ lO  Btu)  f o r  bituminous  coal. '   However,  these 
l e v e l s  may not-alwa-"be- ach?e-?able -fo-r.   existing--Units as a 
r e s u l t   o f   i n t o l e r a b l e   a d v e r s e   s i d e   e f f e c t s .   F o r  new u n i t s  
adve r se   s ide   e f f ec t s   can   be   avo ided   by   p rope r   o r ig ina l  
d e s i g n ,   b u t   w i t h   e x i s t i n g   u n i t s  i t  i s  more d i f f i c u l t   t o  
app ly   t he .   t echn iques   wh i l e   avo id ing   e f f ec t s   a r e   d i scussed   i n  
Sec t ion  2 . 2 .  

Expert   advice  f rom  s team  generator   manufacturers   and/or  
combustion  engineers i s  recommended i n   c o n j u n c t i o n   w i t h   d e c i s i o n  
making  on b e s t   a v a i l a b l e   r e t r o f i t   t e c h n o l o g y   f o r  NOx 
c o n t r o l .  

8 -  

I,', ' ,  ' 6 

, .  6 
"_ - ." - 
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3.2.1 

3.2.1.1 

- 

[ - R e t r o f i t   T e c h n i q u e s   f o r  NOx Con t ro l  , 

P l a n t  data requi rements . -  When c o n s i d e r i n g   r e t r o f i t t i n g  
-.a pa-rticLu.l.ar-b-o.iler-f_o_r -NOx . c .on t ro l   in  .a p l a n t ,  the  , .  

f o l l o w i n g ,   i n f o r m a t i o n  related t o   e x i s t i n g   b o i l e r   d e s i g n  
a n d   o p e r a t i o n   s h o u l d  be g a t h e r e d :  

o .. Type .. ~ -. of   bo i l e r   ( s ing le -wa l l ,   opposed-wa l l ,  
~. . ~. . . " ~ .- 

t a n g e n t i a l ,   o r   a r c h - f i r e d )  
o Manufac turer  of the b o i l e r  
o Type o f  e x i s t h g  burners   (a r rangment ,   burner   type ,  

, ' a n d   b u r n e r   c a p a c i t y )  
o E x i s t i n g  NOx con t ro l   and   mon i to r ing   equ ipmen t  
o Drawings  of   burner   arrangement ,  
o E x i s t i n g  NOx emiss ions   l eve l   and  State  NOx 

e m i s s i o n s  l i m i t  

3-7 
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SECTION 4 
TECHNIQUES FOR ESTIMATING TOTAL.RETROFIT 

COSTS FOR' E~ISSION CONTROL 

4.1 GENERAL 

The cos t  of a power p l a n t   r e t r o f i t  i s  estimated i n   t e r m s  
of c a p i t a l   c o s t   a n d   a n n u a l i z e d   c o s t  (11. - C a p i t a l  c o s t  
r ep resen t s  the in i t i a l   i nves tmen t   necessa ry  to i n s t a l l   a n d ,  
commiss ion   t he   r e t ro f i t ,  a n d  the c a p i t a l   c o s t s   c o n s i . s t   - o f '  
t h e  d i r e c t   a n d   i n d i r e c t   c o s t s  t h a t  a r e   d e f i n e d   i n  
S e c t i o n  3.2.1. A n n u a l i z e d   c o s t s  a re  composed  of  direct1 
a n d   f i x e d   c h a r g e s .   W o ' r k i n g   c a p i t a l ,  t h a t  i s  the money 
r e q u i r e d   t o   o p e r a t e  the p l a n t  a f t e r  c o m p l e t i o n  o f  the  
r e t r o f i t ,   s h o u l d   a l s o  be i n c l u d e d   i n   t h e   r e t r o f i t   c o s t .  
S p e c i f i c   c o s t   e s t i m a t i n g  e x a m p l e s  a r e  g i v e n   i n  
Appendices A ,  B, and C. 

4.2 Working Capital 

Working c a p i t a l  i s  t h e  money s e t  a s i d e   t o   o p e r a t e  t h e  
p l a n t  a f t e r  c o m p l e t i o n  of t h e   r e t r o f i t .  The w o r k i n g  
c a p i t a l   s h o u l d  be es t imated as 25% o f  t h e  t o t a l   a n n u a l  
o p e r a t i n g   c o s t s   ( d i r e c t  and f i x e d ) .  

4 * 3  Auxi l ia ry   Boi le r   Cos ts  

When plume reheat.  i s  r e q u i r e d  t h e  c a p i t a l   c o s t  o f  a n  
a u x i l i a r y   b o i l e r   s h o u l d  be i n c l u d e d   i n  t h e  t o t a l   c a p i t a l  
c o s t  es t imate .  S e c t i o n  3 .5 .1  d e s c r i b e s  t h e  t e c h n i q u e s  
t h a t  s h o u l d  b e  u s e d   t o  es t imate  t h e  s i z e  o f  a u x i l i a r y  
boiler needed, The annual cos ts  of plume reheat steam a re ,  
i n c l u d e d   i n  t h e  a n n u a l   c o s t  e s t i m a t e s  o f  T a b l e  3 . 4 .  
T a b l e  4-1 should be u s e d   t o   e s t i m a t e  t h e  c a p i t a l   c o s t  of 
a u x i l i a r y  b o i l e r s .  

EPAOAQ 8836538 
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CAPITAL AND ANNUAL COSTS ( 2 )  FOR AUXILIARY* ' 8  . ;,,@ 1 0  ~ 

. I  d ,  $ BOILERS GREATER THAN 250 x 106Btu/Hr HEAT INPUT :~ 

j 
I?, . ' ' 

' .  

I 

$ / l o 6  Btu/Hr Heat i n p u t   c a p a c i t y  
B o i l e r  3 3 , 1 5 0  
P o l l u t i o n .   C o n t r o l  ( b )  4.735 

t o t a l  , 3 7 , 8 5 5  

Annual   Boi le r   Cos ts  (a )  

$ / l o 6  B t u / h e a t   i n p u t   ( a )  B;, B o i l e r   F i x e d   C o s t s  
i :  . 1.00 



4.5 

E l e c t r i c a l  Energy  Penalty 

2 
The t o t a l   c a p i t a l   c o s t  of a r e t r o f i t  system i n c l u d e s  th-e 
capi.ta1 c o s t  o f  r e p l a c i n g   t h e   g e n e r a t i n g   c a p a c i t y  lost  
because of t he   e l ec t r i c  power requirements of t h e   r e t r o f i t  
systems. This  c a p i t a l  c o s t  is  $1,046 fo r   each   k i lowa t  of 
capaci ty   required , b y  t he   r e t ro f i t   sys t e rns . ( l , 3 i4 )  

Sec t ions  3.4 and 3.5 d e s c r i b e   t h e   t e c h n i q u e s   t o  be used 
f o r   e s t i m a t - i n g   r e t r o f i t   e l e c t r i c  power requiremeri ts  f o r  
p a r t i c u l a t e  and SO2 cont ro l .  

> 

Other  Costs Not Estimated 

There   a re   o ther   cap i ta l  and annua l i zed   cos t s  i n v o l v e d  i n  
conjunction wi th  r e t r o f i t s   t h a t  are not estimated i n  t h i s  

document. T h i s  sec t ion   ide-n t i f ies   these  cos t  elements and 
provides  guidance on f a c t o r i n g   t h e s e   c o s t s   i n t o   d e c i s i o n  
making on b e s t   a v a i l a b l e   r e t r o f i t   t e c h n o l o g y  ( B A R T )  
determinat ions.  

, .  

O t h e r   p o t e n t i a l   c o s t s   t h a t   a r e  not i n c l u d e d   i n   t h e  
e s t ima tes  of t h i s  document a re   i den t i f i ed   a s   fo l lows :  

t o  make room f o r  
1. Cost  of  land 
2. Cost of r e l o c a t i n g   f a c i l i t i e s  
r e t r o f i t  systems 
3. Cost of a l t e r i n g   e x i s t i n g   f a c i  
t h e   r e t r o f i t  sys t ems  

t h e  

l i t i e s  t o  accommodate 

4. Cost   o f   p rovid ing   addi t iona l   fac i l i t i es  f o r  a d d i t i o n a l  
employees  such as o f f i ces ,   l ocke r  rooms, e t c .  

EPAOAQ 8836532 
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5. Cost  of  downtime f o r   i n s t a l l i n g   r e t r o f 2 t s  1.' 

6 .  Cost  of  stacks 

The  c o s t   e s t i m a t e s   o f  t h i s  d o c u m e n t   p r o v i d e   ' a m p l e  
a l l o w a n c e s   f o r   g r a d i n g ,   e x c a v a t i n g ,   p i l i n g ,   a n d  f o r  
t e m p o r a r y   c o n s t r u c t i o n   f a c i l i t i e s ,   e t c .  

I n  some cases ,   addi t iona l   l and  may need t o  be purchased  to  
make=-up f o r -  the space   needed   fo r   r e t ro f i t  systems. S i n c e  
the  cos t  of this ,  l a n d   c a n   u s u a l l y  be r e c o v e r e d  when t h e  
land i s  no longer  needed, it i s  not  included as a c a p i ' t a l  
c o s t .  It  i s '  recognized ,   however ,  t ha t  n e c e s s a r y   f u n d s  
would have t o  be made a v a i l a b l e   f o r   s u c h   l a n d   p u r c h a s e s  
and tha t  annual   cos t s  would r e s u l t .   I n  t h e  c a s e  of l a n d  
f o r   s l u d g e   d i s p o s a l ,  it is  assumed t h a t  once t h e  l a n d  i s  
used, it would not  be p o s s i b l e   t o   r e c l a i m  the land   for   any  
usefu l   purpose .  More s t u d y  i s  needed  to .   show t h a t  l a n d  
used for s ludge   d i sposa l   can  be r ec l a imed   fo r   fu tu re   u se .  

S ince  most power p l an t s   have   no t   been ,   des igned   fo r   fu tu re  
l a r g e   r e t r o f i t   s y s t e m s , '  it i s  l i k e l y  t h a t  m o s t   r e t r o f i t  
ca ses  w . i l l  i n v o l v e   r e l o c a t i o n   o f   s o m e   f a c i l i t i e s   s u c h  as 
s h o p s ,   o f f i c e s ,   o r   c o a l   s t o r a g e   a n d   h a n d l i n g  s y s t e m s .  
Thede c a p i t a l   c o s t s  w i l l .  also cause   an_ . increase   in   annual .  
c o s t s .  

Types   o f   a l t e r a t ions  that might be requi red  t o  accommodate 
r e t r o f i t  systems a r e  t h e  c o s t  o f  r e l i n i n g   s t a c k s   t o  
c o m p e n s a t e   f o r   m o r e   c o r r o s i v e   g a s   c o n d i t i o n s   o r   f o r  
r e i n f o r c i n g   e x i s t i n g   d u c t w o r k   t o   c o m p e n s a t e   f o r   c h a n g e d  
f l u e   g a s   p r e s s u r e   c o n d i t i o n s ,   o r   c o s t s   f o r   m a j o r   c h a n g e s  
t o   s t r u c t u r e s   t o  accommodate NO, combustion modi f i -  

c a t i o n s .  The c o s t s   o f   n o m i n a l   a l t e r a t i o n s   i n   c o n j u n c t i o n  



' ; : , : I  i ,  , ; ,  
1 

w i t h  combustion  modifications i s  included  in   the " 

cost  e s t i m a t e s   o f  t h i s  document .  Based on 
manufacturer's  advice, it may a l s o  be necessary t o  

b o - i l e r   p r e s s u r e  . par t s  . .., . . t o  c o n t r o l   s t e a m  
specifications.   These  costs  are 

. _  

,estimated  in t h i s  document. 
' ,  

The cost  of downtime i s  a l s o  
t h i s  document  assume t h a t  no a d d i t i o n a l  do'wntime  is,^' ~{i 
required f o r  r e t r o f i t t i n g .  The way downtime i s  avoided 
b y  making a l l  necessary  'changes  to  the  existing  system and: !I!/ 
b y  t i e i n g   i n   t h e   r e t r o f i t  systems  during  normal  outages or ' : ,  ;(i 

dur ing   unschedu led   ou tages   a t t r i bu tab le   , t o   f ac to r s   o the r  p ,  
t h a n   r e t r o f i t t i n g .  As shown by Figure 3-8, these  types o f , ;  

changes  can be made during a 5-year p e r i o d .  If downtime ' 1 :  
l'i$ 

i s  necessa ry ,   t he   fo l lowing   f ac to r s   shou ld   be   t aken   i n to  

I 

IL'Il! 
l I S ,  8 8 ,  

, I '  
l ;  

:'I 

' 1 ,  account   in   assess ing   cos ts .  

1. The cost  of  purchased power. Usually  purchased  power, 
cos t s  more than the c o s t  o f   ,genera t ing '   power   wi th in   the i  

I 

system.  However, a t  t i m e s .   t h e  added c o s t  of purchased ,  '~ 

power is  reduced i f  t h e   p u r c h a s i n g  power  system s e l l ?  al 
l i k e  amount a t  t he  same p r i c e   i n   c o h j u n c t i o . n  w i t h  a n l , ~ ~  

' /I 

i ~, 

I " 

exchange  agreement. 1 '  

' i  
I !  

2. The c o s t  of power g e n e r a t i o n   a n d   d i s t r i b u t i o n .  Eve+ i 
i f  i t  i s  n o t   n e c e s s a r y   t o   p u r c h a s e   p o w e r   f r o m   a n o t h e ~  , !  

' ' I  
8 ,  

svstem,  downtime  can  involve  significant  additional  costs.!  I 1  ~ " 

Downtime may make it neces-sary   . for  a power s y s t e m  t q , ;  
generate  power a t  a l e s s   e f f i c i e n t   p l a n t   o r  a t  a p l an4 ' !  
f i r i n g  more c o s t l y   f u e l .  Power t r a n s m i s s i o n  l o s s e s  & s & ~ '  

need t o  be considered.   For   the  plants  of Appendices A ,  B, ~ 

)I 
I. , !  and C, it is most l i k e l y  that  any downtime t h a t  would makb 

it  n e c e s s a r y   t o   g e n e r a t e  power elsewhere  would  involve1 I I ~1 
s i g n i f i c a n t   a d d i t i o n a l   f u e l   c o s t s .  

EPAOAQ 8836534 1 , I  
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3 .  Loss of Product ivi ty .  When a steam generator is  down, 
some l a b o r ,  s u p p l i e s ,   a n d   s e r v i c e s   c o s t s   c o n t i n u e .  ~ 

A l t h o u g h   t h e s e . c o s t s   a r e   s m a l l   i n   c o m p a r i s o n  t o  o t h e r  , 

downtime cos ts ,   - they   should  be c o n s i d e r e d   i n   s u f f i c i e n t  
depth t o  c l a s s i f y  them in   the i r   p roper   perspec t ive .  

Another  cost   that  is not  estimated  in this  document i s  the 
c o s t  o f   t r anspor t ing   s ludge   f rom  the   l i quor   t r ema tmen t  
system  to the d isposa l  s i te .  Thi.s cos t  i s  estimated at  $ 2  
per ton  per  mile. Such cos ts   a re   no t  estimated because it 
i s  n o t   c e r t a i n  how f a r  t h e  s l u d g e   w o u l d   h a v e :   t o   b e  
t ranspor ted .  

4.6 , Cost  of  Derating 

A s  d i s c u s s e d   i n   S e c t i o n  2-2.7,  d e r a t i n g  i s  u s u a . l l y   a n  
u n d e s i r a b l e   t e c h n i q u e   f o r   r e d u c i n g   e m i s s i o n s .  T h i s  i s  
b e c a u s e   t h e r e   a r e   u s u a l l y  more c o s t   e f f e c t i v e   m e t h o d s  
ava i l ab le .  The c o s t s  of d e r a t i n g  are  v e r y   v a r i a b l e  and 
are s i te   spec i f ic .   Consequent ly ,  no g e h e r a l % z a t i o n s   c a n  
be 'made on c o s t s   e x c e p t  t o  i d e n t i f y   t h e   p o t e n t i a l   c o s t  
elements . 
For  cases where e l e c t r i c a l   e n e r g y  -demand i s  i n c P e a s i n g  
( t h i s  i s  a lmos t  always t h e   s i t u a t i o n ) :  t h e  g e n e r a t i n g  
capac i ty   los t   because  of derat ing  must  be r e p l a c e d .  The 
c o s t  o f  r e p l a c i n g   g e n e r a t i n g   c a p a c i t y  i s :  g i v e n   i n  
S e c t i o n  4.4 For cases where generat ing  capaci ty  .~ is  l imi ted  
as compared with power sys tem  e lec t r ica l  demand, d e r a t i n g  
costs   can be the same as' the   cos ts  for downtime d i s c u s s e d  
i n   S e c t i o n  4.5. For  t he  most c o s t l y  case it  m i g h t  be 
necessary  to  purchase-power from another  power s y s t e m  f o r  
s e v e r a l  years u n t i l  the power g e n e r a t i n g   c a p a c i t y   l o s t  by 
d e r a t i n g  i s  r e p l a c e d .  However i n  most cases d e r a t i n g  
c o s t s   w o u l d   n o t  b e  t h i s  s e v e r e .   F o r   a c t u a l   c a s e s ,  
add i t iona l   s tud ie s   a r e   necessa ry   t o   e s t i amte  the  c o s t s  of 
de ra t ing .  
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4.7 Esca la t ion  

The c o s t s   o f  t h i s  document a re  based 'on September  1979 
d o l l a r s .   S e c t i o n  3.8 p r e s e n t s  d a t a  o n   s c h e d u l e s   f o r  
r e t r o f i t t i n g  w h i c h  c a n  be u s e d   i n   c o n j u n c t i o n  w i t h  

' economic 'data not  given  i ,n this do'cument t o  es t imate  t h e  
e f f e c t  of e s c a l a t i o n  on , c a p i t a l   c o s t s .  
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